Body and adrenal weights, and histology of the adrenal cortex were examined in the chamois-coloured mastomys (Praomys couchaJ at inbred generations 3 to 10. Body and adrenal weights were consistently larger in males than in females, although the adrenal to body weight ratios tended to be lower before 50 days of age and were clearly higher after. Distinct sex differences were found in the adrenal cortex. The whole cortex and the zona reticularis were thicker in males and the zona reticularis became thicker in males, but thinner in females with age. The border zone characteristics of females of the wildcoloured mastomys strain, was not formed in the chamois-coloured strain. This was a very unique, interesting strain difference. Comparative studies of both strains may contribute to elucidation of the mechanism of border zone formation in the mastomys adrenal cortex.
IPraomys coucha) was found by Meester (1960) in the wild-coloured mastomys colony which had been captured at Iscor Steelworks, Pretoria, South Africa, in the 1950s (Solleveld 1981 , 1987 , Tanaka et a1. 1988 . Coetzee (1980) established a socalled pink-eyed, chamois-coloured strain of mastomys from this mutant (Solleveld 1981 , 1987 , Tanaka et 01. 1988 ). This strain was designated Y strain. The descendants of the Y strain were introduced into the Institute of Medical Science, University of Tokyo in 1980 (Tanaka et a1. 1988) . Although Y mastomys were reported to be an inbred strain, they were not homogenous in the coat colour. Thus, brother-sister mating of chamoiscoloured mastomys with pink eyes and white belly was started in 1985 [Tanaka et a1. 1988 ) in order to establish another inbred strain different from the inbred wild-coloured mastomys (MWC) in character. The adrenal cortex of MWC was characterized by a unique border zone between the zona fasciculata and zona reticularis in females as well as by the absence of this zone and persistence of a thick zona reticularis in males [Tanaka et a1. 1988 , Tanaka et 01. 1990 ). The border zone formation was more closely associated with lactation than pregnancy (Tanaka et a1. 1991) . In this study the sex differences of adrenal glands and the influence of reproduction on cortical zonation were examined in the inbreeding chamois-coloured mastomys strain (tentatively designated MCq in comparison with MWC (Tanaka et a1. 1990 (Tanaka et a1. , 1991 .
Materials and methods
Sixty-five male and 61 female MCC mastomys at inbred generations 3 to 10 were used between 28 and 550 days of age. Out of the females, 27 were virgin, 7 pregnant, 9 lactating, and 18 multiparous and not pregnant. Animals were bred, kept and killed as described by Tanaka et a1. (1990) . After body weight determination, 
Macroscopic examination
Male adrenal glands were light red in colour and spherical or oval in shape before 70 days of age. Thereafter, they became dark red and elongated. Female glands ratios were compared between males and females. The adrenal to body weight ratios changed with age in a biphasic pattern with peaks at 70 and 150 days in males and in a monophasic one with a peak at 40 days of age in females ( Fig. 3) . It was noted that this parameter tended to be larger before 50 days of age and were clearly smaller after this age in females.
Results

Body and adrenal weights
The body weight increased linearly from birth until about 100 days of age when it reached 75 g in males and 50 g in females; it then increased gradually to reach 120 g in males and 70 g in females at 350 days of age ( Fig. 1 ). The adrenal weight was larger in males than in females throughout the observation period of 550 days (Fig. 2) . In males, it showed a sharp, linear increase until 70 days and reached about 40 mg but then decreased to form a trough around 90 days of age. After that, the weight increased again to reach 50 mg at 120 days and maintained this level up to 350 days of age (Fig. 2) . In females, the adrenal weight reached 20 mg around 60 days and remained at this level up to 550 days of age ( Fig. 2 ). Since the body and adrenal weights were consistently higher in males, their both adrenal glands were excised, weighed and immediately fixed in Bouin's fluid. The fixed glands were dehydrated with graded ethanol, permeated with chloroform, embedded in paraffin, sectioned serially at 3ILm and stained with azan (Mallory-Heidenhainl staining as described by Tanaka et al. l1990j . were smaller, yellowish and elongated oval throughout the observation period.
Microscopic examination
In males the adrenal gland had three cortical zones clearly identifiable by arrangement and stainability of cells: zona glomerulosa, zona fasciculata and zona reticularis (Fig. 4) Zona fasciculata This zone showed a sex difference in thickness and morphology of the constituent cells. In males, this zone occupied the subglomerulosal area and contained approximately 10 to 15 layers of dark cuboidal cells at 4 weeks of age (Fig. 4A) . It was as thin as the zona glomerulosa and occupied a few layers of cells in mature males (Figs 4B and q. This zone became thinner than the zona glomerulosa in aged males ( Fig. 4q . The constituent cells were characterized by round to oval shapes and the lightest cytoplasm filled with many small vacuoles.
In females, the zona fasciculata was not clearly distinguished from the zona reticularis at 4 weeks (Fig. SA) , although they became distinguishable from each other after 5 weeks of age. Thereafter, this 6) . They were arranged in strands perpendicularly or radially to the capsule in younger virgins ( Figs SB and C, 6A) . The zona fasciculata of pregnant females was thicker by 3 to 5 layers than that of age-matched virgins (compare Figs 5B and C) and contained some large cells. The cytoplasm of these cells was filled with many small vacuoles ( Fig. SC, arrows) although it contained no large vacuoles dissimilar to MWC mastomys (Tanaka et al. 19901 .In lactating or aged females, this zone could be divided into two sublayers. The outer was constituted of cells of the same type mentioned above and the inner was composed of darker cells arranged in parallel with the capsule (Figs 6B and C) . The darker cells existed individually and did not form nodules unlike MWC mastomys (Tanaka et al. 1990 ).
Zona reticularis
A clear sex difference was found in thickness of this zone. The constituent cells were similar in morphology and characterized by small, dark nuclei and dark, compact cytoplasm in both males and females. In males, this zone was distinguishable from the other two zones and expanded to make the zona fasciculata thinner with age ( Fig. 4) . As the constituent cells became more compact with age, the number of nuclei appeared to increase despite the constant thickness (compare Figs 4B and C: r) . This was the most striking difference when compared with the zona reticularis of MWC mastomys (Tanaka et al. 1990 ). Such differences were well reflected in the adrenal weight changes. In females, this zone did not thicken and remained nearly constant in thickness until the first pregnancy occurred (Figs SB and 6A) . The zona fasciculata thickened during pregnancy as mentioned above. As a result, this zone became thinner or more compact in pregnant animals ( Fig. SC) and still thinner in lactating animals (Fig. 6B) , and it looked like a fine strand in about oneyear-old animals which had experienced 8 gestations (Fig. 6C) .
The distinct border zone composed of highly vacuolated cells and nodules was not formed between the zona fasciculata and zona reticularis in MCC. However, some large, light cells (Fig. SC, arrows) and some distinctively arranged darker cells (Fig. 6B) were observed within the zona fasciculata. These two elements were not clearly separated from either of the zona fasciculata and the zona reticularis.
Discussion
The present study revealed clear sex differences in body and adrenal weights as well as in histology of the adrenal cortex in the chamois-coloured mastomys, MCC. Body and adrenal weights were consistently larger in males than in females. The whole cortex was also thicker mainly due to the thicker zona reticularis in males. The adrenal weight changes reflected the histological changes of the gland. These distinctive sex differences were also observed in the wild-coloured mastomys, MWC (Tanaka et al. 1990) , and thus considered to be specific to the mastomys. These sex-related differences were nearly the same as those in Syrian hamster but quite different from those in mice, rats or gerbils (unpublished observations).
The body weight was significantly larger in males than females of both MCC and MWC. The delayed body weight gain in males and females and far larger body weight in aged males were noted in MCC ( Fig. Ii Tanaka et al. 1990) and MCC experienced the first delivery by about 2 weeks later compared with MWC (Tanaka et al. 1988 ). Thus, MCC appeared to mature later than MWC. This is an interesting strain difference.
There was also a clear strain difference in the adrenal weight. In males, the adrenal weight gain with age was slower both in the absolute values and in the values relative to body weight in MCC (Figs 2 and 3) than MWC (Tanaka et al. 1990 ): 50mg (Fig. 2) and 0.5 mg/g (Fig. 3) , respectively in MCC and 75 mg and 1.0 mg/ g, respectively in MWC (Tanaka et al. 1990 ) at 200 days of age. Cellularity in the zona reticularis increased with age in MCC (Fig. 4C ) but not in MWC (Tanaka et al. 1990 ). This explains partly the strain difference in the adrenal weight in males. In females, the adrenal weight increased in a similar course in MCC and MWC, although more slowly in former, and reached a plateau, that was about 2-fold lower in MCC (Figs 2 and 3 i Tanaka et al. 1990 ). Thus, the adrenal to body weight ratio was far smaller in MCC.
Although the zona fasciculata thickened and contained some large light cells during pregnancy (Fig. 5C, arrows) and the zona reticularis decreased in thickness during lactation ( Figs 6B and C) , the reproductive activities did not strikingly affect the adrenocortical histology in MCC unlike in MWC (Tanaka et al. 1990 (Tanaka et al. , 1991 . This is another distinctive and interesting strain difference.
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The most important strain difference of the adrenal histology between MCC and MWC females was the absence of the border zone in the former (Figs 5 and 6 ) and its presence in the latter (Tanaka et al. 1990 (Tanaka et al. , 1991 . This strain difference may serve for elucidation of the mechanisms of the border zone formation and adrenocortical cell turnover in the mastomys.
